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Summary 23 
 24 
Objectives: 25 
To evaluate high‐definition and conventional oscillometry in comparison with direct blood 26 
pressure measurements in anaesthetised dogs. 27 
Methods: 28 
Eight simultaneous readings for systolic, diastolic and mean pressure were obtained directly 29 
and with each of two devices in 9 anaesthetised dogs. Measurement procedure and 30 
validation were based on the 2007 ACVIM guidelines. 31 
Results: 32 
Sixty‐three simultaneous readings were evaluated for each device and direct measurements. 33 
The mean differences (bias) to direct values were within 10 mmHg for both devices although 34 
bias for SAP and DAP was higher for Memodiagnostic. The standard deviations of differences 35 
(precision) were within 15 mmHg for Dinamap but exceeded for Memodiagnostic. 36 
Correlation coefficients were higher for Dinamap than Memodiagnostic but both failed to 37 
reach a correlation of 0.9. Over 50% of values lay within 10 mmHg of direct measures for 38 
both devices but this percentage was greater for Dinamap than Memodiagnostic. Over 80% 39 
of values lay within 20 mmHg of direct measures for Dinamap but not for Memodiagnostic. 40 
Clinical significance: 41 
Both devices failed to meet ACVIM guideline validation. However, Dinamap only failed with 42 
regards to correlation. Memodiagnostic failed on several requirements and, based on poor 43 
correlation, accuracy and precision, this device cannot be currently recommended for dogs 44 
under anaesthesia. 45 
 46 
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Introduction 50 
The importance of detecting alterations in systemic blood pressure (BP) is increasingly 51 
recognised in veterinary medicine. As early detection and treatment of hypertension may 52 
avert serious and potentially fatal sequela, measurement of BP in dogs and cats affected by a 53 
variety of disorders is frequently performed in clinical practice (Brown and others 2007, 54 
Haberman and others 2006). In addition, continuous BP monitoring of dogs and cats under 55 
general anaesthesia has long since become routine, in particular because of the importance 56 
of recognising hypotension (Sawyer and others 2004). Direct intra‐arterial BP measurement 57 
is the accepted gold standard but is not commonly used in clinical practice because it is 58 
technically demanding and invasive. Instead, a variety of noninvasive devices are in 59 
widespread use (Brown and others 2007, Deflandre and Hellebrekers 2008, Grandy and 60 
others 1992, Habermann and others 2006, Mandigers 2005, Sawyer and others 2004, 61 
Stepien and others 2003). 62 
Clinicians expect that comparative studies showing that measurements are 63 
meaningful are performed when new noninvasive BP devices are introduced. Prior to 64 
evaluating devices in conscious clinical patients, initial studies are often performed 65 
comparing results with direct BP measurements in animals under anaesthesia (Bodey and 66 
others 1994, Gains and others 1995, Geddes and others 1980, Meurs and others 1996, 67 
Sawyer and others 1991, Sawyer and others 2004) but no specific requirements for 68 
validation of veterinary BP devices exist. As a result, the manner in which devices are 69 
assessed varies greatly from study to study, making difficult direct comparisons between 70 
assessments of different devices in different reports. 71 
In an attempt to offer veterinary practitioners guidelines to standardise BP 72 
assessment, the ACVIM issued a consensus statement for the identification, evaluation, and 73 
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management of systemic hypertension in dogs and cats in 2007 (Brown et al. 2007). These 74 
guidelines include recommendations for device calibration, patient restraint, cuff size and 75 
position, and patient positioning for blood pressure measurement. Instructions for the 76 
validation of BP devices in anaesthetised and conscious animals, based on guidelines of the 77 
Association for the Advancement of Medical Instrumentation (AAMI), are listed in the 78 
Consensus Statement appendix and include specific conditions under which systemic 79 
efficacy of a device are satisfied. 80 
Oscillometric BP devices have been in wide‐spread clinical use for many years in small 81 
animals. Recently, a new high‐definition oscillometric device, the Memodiagnostic (S+B 82 
MedVET GmbH, Germany) was introduced and is marketed in Europe and the USA. This 83 
device holds promise for delivering accurate and reliable measures of blood pressure in dogs 84 
and cats, however, no reports on the validity of BP readings with this device have been 85 
published. If clinicians are to opt for use of this device, they would expect to know how 86 
measurements compare with a gold standard as well as with conventional oscillometry. 87 
One of the most widely assessed conventional oscillometric devices has been the 88 
Dinamap (Critikon, Tampa, Fl, USA). A variety of studies evaluating the Dinamap 1846sx, 89 
Dinamap 8100, and the Dinamap 8300, specifically developed for clinical veterinary patients 90 
in 1993, have been published (Binns and others 1995, Bodey and others 1994, Bodey and 91 
others 1996, Bodey and Mitchell 1997, Gains and others 1995, Haberman et al. 2004, 92 
Haberman and others 2006, Meurs and others 1996, Grosenbaugh and Muir 1998, Sawyer 93 
and others 2004) but no study has evaluated this device in accordance with the 2007 ACVIM 94 
guidelines so direct comparison with future devices is difficult. 95 
The aim of this study was to evaluate the high‐definition oscillometric device, 96 
Memodiagnostic MD_15/90 Pro, and the conventional oscillometric device, Dinamap Model 97 
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8300, compared with direct arterial BP measurement in anesthetised dogs based on the 98 
guidelines of the 2007 ACVIM Consensus Statement. 99 
Materials and Methods 100 
Nine client‐owned dogs were recruited from patients requiring anaesthesia for 101 
reasons unrelated to the study in the Small Animal Clinic, Department of Clinical Veterinary 102 
Medicine, Vetsuisse Faculty, University of Berne. The study protocol was evaluated and 103 
approved by the institution’s Ethics Committee. Dogs were recruited by requesting owner 104 
consent for participation in the study of dogs scheduled for a surgical procedure. The 105 
measurements were performed after reaching a stable plane of anaesthesia, but prior to any 106 
other procedures, in the surgery preparation room with the dogs in dorsal recumbency. For 107 
oscillometric devices, the BP cuff was placed around the mid left or right antebrachium 108 
overlying the median artery. For conventional oscillometric measurements, cuff size was 109 
selected to account for approximately 40% of the circumference of the limb at placement 110 
site. For high‐definition oscillometric measurement, the cuff used was selected from one of 111 
those provided with the device according to the manufacturer’s guidelines. Care was taken 112 
to ensure that measurements were taken at the level of the heart base and that ECG 113 
readings showed a sinus rhythm. For direct arterial pressure measurement, the skin over the 114 
left or right dorsal hind paw was surgically prepared, and a 20‐ or 22‐gauge, 1‐inch fluoro‐115 
ethylene‐propylene catheter (Jelco® 2 i.v., Smiths Medical International Ltd., Kent, UK) was 116 
placed in the dorsal pedal artery. The arterial catheter was connected to a disposable 117 
transducer via a non‐compliant saline‐filled tubing. The transducer was connected to a 118 
monitor and attached to a pressurised (300 mmHg) bag of saline (0.9% NaCl) solution. The 119 
catheter was flushed intermittently to avoid blood clots, and the system cleared of air 120 
bubbles. The transducer was placed at the level of the heart and zeroed to atmospheric 121 
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pressure before starting the procedure. Prior to all measurements, the direct BP monitor 122 
and the oscillometric devices were calibrated from 0 to 200 mmHg using a standard aneroid 123 
manometer that met the standards for nonautomated sphygmomanometers established by 124 
the AAMI. At the end of the study, the calibration was rechecked to ensure that their 125 
accuracy was maintained. 126 
A total of eight consecutive readings were taken simultaneously by direct BP 127 
measurement and with each of the oscillometric devices (Dinamap Model 8300 and 128 
Memodiagnostic MD_15/90 Pro). For each single measurement, the systolic (SAP), diastolic 129 
(DAP) and mean (MAP) blood pressures and the heart rate were recorded. Other data 130 
recorded included date, start time of the measurement session, the circumference of the 131 
dog’s limb, the size of the blood pressure cuff, and drugs and intravenous infusions 132 
administered to the patient. At least five seconds elapsed between consecutive 133 
measurements. 134 
Throughout the entire study, all measurements were taken by a single investigator, 135 
familiarised with all devices, and the protocol for BP measurements conformed to the 136 
ACVIM consensus statement (Brown and others, 2007, Table 2). Based on these guidelines, 137 
the first in the series of 8 consecutive BP measurements was discarded and not used for data 138 
comparison.  139 
Statistics and validation 140 
Simple linear regression analysis was used to evaluate the relationships between the 141 
direct values and the indirect values obtained with each of the oscillometric devices. The 142 
agreement between oscillometric and simultaneous direct BP measurements for SAP, DAP 143 
and MAP were evaluated using Bland‐Altman plots (Bland and Altman 1986, Bland and 144 
Altmann 1995) in which the differences between the two measurements was plotted against 145 
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the mean of the two measurements for each set of simultaneous measurements. The bias 146 
(mean difference from direct BP values), precision (standard deviation of differences) and 147 
the 95% limits of agreement (mean ± 2SD) were calculated. The percentages of 148 
measurements within 5 mmHg, 10 mmHg and 20 mmHg of the direct measures for both 149 
indirect devices were calculated. The indirect devices were considered to pass validation if 150 
they met all of the following conditions (Brown and others, 2007): the mean difference of 151 
paired measurements for SAP and DAP treated separately is ± 10 mmHg or less with a 152 
standard deviation of 15 mmHg or less; the correlation between paired measures for SAP 153 
and DAP treated separately is ≥ 0.9 across the range of measured values of BP; 50% of all 154 
measurements for SAP and DAP treated separately lie within 10 mmHg of the direct values; 155 
80% of all measurements for SAP and DAP treated separately lie within 20 mmHg of direct 156 
values; data are obtained for no fewer than 8 animals. In addition, the devices were 157 
considered to give reliable readings only if the coefficient of variation for each set of 7 158 
measurements for SAP was below 20% (Brown and others, 2007). Analyses were performed 159 
using statistical software (Medcalc® v11.0.1, Medcalc Software bvba, Belgium). 160 
Results 161 
Dogs recruited were between 3 and 11 years old (mean age 6.5 ± 2.87 years) and weighed 162 
between 11.8 and 45.0 kg. Readings were obtained for all 72 measurements with both the 163 
Dinamap and the Memodiagnostic device. All sets of values for SAP had a coefficient of 164 
variation of <20% for all devices; the ranges of coefficients of variation for SAP were 1.09‐165 
12.11% (median 2.3%) for direct, 1.15‐13.22% (median 3.07%) for Dinamap, and 1.87‐9.24% 166 
(median 4.89%) for Memodiagnostic. Comparative studies of values obtained with 167 
oscillometric and direct measurements were performed after discarding the first value 168 
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(Brown and others, 2007), giving a total of 63 simultaneous data for each of the two 169 
oscillometric devices. 170 
Bland‐Altman plots revealed a slight underestimation of SAP and DAP and 171 
overestimation of MAP with the Dinamap (Fig. 1, Table1). Values for SAP, DAP and MAP 172 
were all overestimated with the Memodiagnostic and overestimation increased for SAP and 173 
DAP with increasing pressures (Fig. 2, Table 1). A positive correlation was found between all 174 
indirect and simultaneously measured direct values (Figs. 3, 4). The correlation was poor 175 
with the Memodiagnostic (Table 2, Fig. 4). Although a strong correlation was found with the 176 
Dinamap, this was slightly below 0.9, required for validation (Table 2, Fig. 3). The mean 177 
differences (bias) between direct and indirect measures were greater for the 178 
Memodiagnostic than the Dinamap (Table 2) although all were within 10 mmHg required for 179 
validation. The precision (standard deviation of the differences) was less than 10 mmHg for 180 
the Dinamap but exceeded the 15 mmHg threshold required for validation with the 181 
Memodiagnostic for both SAP and DAP (Table 2). The limits of agreement were likewise very 182 
large for the Memodiagnostic (Table 2). Greater than 75% of oscillometric readings were 183 
within 10mmHg and the vast majority were within 20mmHg of direct values for the Dinamap 184 
(Table 2). However, only between 50 and 60% were within 10mmHg for the Memodiagnostic 185 
(Table 2). Moreover, the Memodiagnostic did not fulfil the requirement of over 80% of 186 
values within 20 mmHg for DAP. 187 
Discussion 188 
This study compared BP between two oscillometric devices and direct measurements 189 
in anaesthetised dogs based on the ACVIM guidelines. This included a standardised approach 190 
to measurements (same position of animals, same cuff site and size, serial measurements 191 
with discard of the first measurement, a single examiner) with validation according to the 192 
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suggested guideline. Although disease state and anaesthetic protocol might significantly 193 
affect blood pressure, this was considered irrelevant to the aim of the study and no study 194 
inclusion limitations were enforced in this respect. A shortcoming of this study is that dogs 195 
were evaluated under anaesthesia and the range of BPs was relatively narrow (direct SAP 196 
between 76 and 137 mmHg). Results of this study are therefore only valid for anaesthetised 197 
dogs with pressures within this range. 198 
The Memodiagnostic oscillometric device is a relatively new device using high 199 
definition oscillometry. There are currently no publications evaluating this device in dogs but 200 
the developer claims many advantages to conventional indirect BP devices (Egner 2006a; 201 
Egner 2006b, S+B Med Vet 1998). Contrary to conventional oscillometry, in which the MAP is 202 
measured, and SAP and DAP are calculated using an algorithm based on the oscillation 203 
curve, the Memodiagnostic performs real‐time analysis of artery oscillations to obtain pulse 204 
amplitudes. Other purported benefits are the electronically‐controlled values that adapt to 205 
maintain linearity during deflation, permitting readings from 5 to 300 mmHg, high sensitivity 206 
that allows measurements from minimal signals and heart frequencies of up to 500 beats 207 
per minute, and high‐speed analysis that allows the detection of arrhythmias (S+B Med Vet 208 
1998). In a previously published study, this device was tested for its application in the 209 
cynomolgus monkey (Schmelting et al. 2009), both under general anaesthesia in comparison 210 
with telemetry and in conscious animals. In this study, MAP was lower with the 211 
Memodiagnostic than with telemetry. However, this study did not evaluate simultaneously 212 
obtained paired readings and the accuracy of the readings was therefore not assessed. 213 
The Dinamap has been previously evaluated in anesthetised dogs in several studies, 214 
most of which found favourable results compared with direct measurements (Bodey and 215 
others 1994; Gains and others 1995; Grosenbaugh and Muir 1998; Hamlin and others 1982; 216 
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Meurs and others 1996). However, these studies were performed prior to the ACVIM 217 
consensus, and evaluation procedure varied widely between studies. 218 
In this study, the Dinamap underestimated SAP and DAP, as was found in previous 219 
reports (Grosenbaugh and Muir 1998; Habermann and others 2006; Bodey and others 1996). 220 
In contrast, the Memodiagnostic overestimated SAP and DAP. The coefficient of variation of 221 
consecutive values for SAPs in each dog was below 20% with both devices, showing 222 
adequate consistency in readings with each device. The correlation between Dinamap and 223 
direct measures was not calculated in some previous studies and varied so greatly in others 224 
(R for SAP between 0.24 and 0.908), not least because of variation in cuff site, number of 225 
consecutive measurements, position of dogs, and BP ranges, that direct comparison of data 226 
between studies is difficult (Bodey and others 1994; Gains and others 1995; Grosenbaugh 227 
and Muir 1998; Hamlin and others 1982; Meurs and others 1996). As this study used the 228 
same procedure for both devices, correlation can be compared between the two devices. 229 
Neither device fulfilled the validation requirement of R≥0.9. However, contrary to the 230 
Memodiagnostic, the Dinamap achieved high correlations and fell just short of this validation 231 
criterion. 232 
The mean differences (bias) between SAP and DAP values obtained with the Dinamap 233 
and direct measurements was greater than the 10 mmHg requirement in two previous 234 
studies (Bodey and others 1994; Grosenbaugh and Muir 1998). However, this was only the 235 
case for hypertensive dogs but not for normo‐ or hypotensive dogs in one of these studies 236 
(Grosenbaugh and Muir 1998), and only for tail and distal hindlimb but not for proximal 237 
hindlimb cuff sites in the other study (Bodey and others 1994). Bias (mean difference) for 238 
DAP ranged to values up to 13 mmHg in these studies. We found a very low bias for the 239 
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Dinamap and somewhat higher values for the Memodiagnostic, indicating better accuracy 240 
with the Dinamap. 241 
The standard deviations of the differences (precision) for SAP and DAP were within 242 
15 mmHg for the Dinamap as was the case in a previous study evaluating BP over a wide 243 
pressure range in anaesthetised dogs (Grosenbaugh and Muir 1998). However, standard 244 
deviations for the Memodiagnostic device were greater than 15 mmHg, indicating a 245 
relatively poor precision. 246 
The validation criteria that >50% and >80% of SAP and DAP values must lie within 10 247 
and 20mmHg of direct measurements, respectively, has not been previously evaluated for 248 
the Dinamap in dogs under anaesthesia. In one study with conscious beagles, neither the 249 
Dinamap nor Doppler met this standard for 10 mmHg (Habermann and others 2006) despite 250 
the fact that this criterion is less stringent than AAMI requirements of human indirect BP 251 
devices. In the present study, the Dinamap far surpassed this requirement but the 252 
Memodiagnostic fell short. 253 
Despite the purported advantages of the Memodiagnostic, this device did not meet 254 
the ACVIM requirements for blood pressure device validation in the present study, and 255 
demonstrated poor correlation with direct measures in anaesthetised dogs. Moreover, 256 
accuracy and precision were poorer than with Dinamap, leading to limits of agreement that 257 
may be clinically unacceptable. Furthermore, the percentages of measured values within 5, 258 
10 or 20 mmHg of those obtained directly were very low compared with those achieved with 259 
the Dinamap. Although the Dinamap met almost all validation criteria, both devices are likely 260 
to fair less well in satisfying criteria when measurements are taken in conscious dogs and 261 
across a greater range of BP values. The ACVIM Consensus Statement panel recognizes that 262 
the guidelines may be so rigorous as to exclude any device presently in use when applied to 263 
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conscious dogs and cats (Brown and others 2007). The results of the present study suggest 264 
that the criterion for correlation may indeed be too high as it could not be satisfied under 265 
the narrow conditions of controlled measurements in anaesthetised dogs in the present 266 
study. However, the criteria for the percentage of values lying within 10 and 20 mmHg of 267 
direct measurements may be too lenient, in particular because a difference of 20 mmHg may 268 
significantly affect the clinical interpretation of results in patients. 269 
270 
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Table 1: Agreement and correlation of blood pressures measured by use of two 343 
oscillometric devices and those measured directly in 9 anaesthetised dogs. 344 
 345 
Dinamap  Memodiagnostic Parameter  ACVIM 
recommended 
limits for 
systolic and 
diastolic values 
(Brown and 
others 2007) 
Systolic  Diastolic  Mean  Systolic  Diastolic  Mean 
Correlation (R)  ≥0.9  0.8850*  0.8734*  0.8605*  0.5546*  0.7186*  0.5671* 
Bias (mean 
difference, 
mmHg)1 
≤±10  1.78  1.82  ‐3.90  ‐5.80  ‐5.19  ‐2.90 
Precision 
(Standard 
deviation, 
mmHg)1 
≤15  7.56  7.30  8.14  17.76  15.33  10.45 
Limits of 
agreement 
(mmHg) 
none  ‐13.0 to 
16.6 
‐12.5 to 
16.1 
‐19.9 to 
12.1 
‐40.6 to 
29.0 
‐35.2 to 
24.9 
‐23.4 to 
17.6 
≤ 5 mmHg2  none  57.1%  47.6%  49.2%  22.2%  42.8%  26.9% 
≤ 10 mmHg2  ≥50%  76.2%  88.9%  76.2%  52.4%  58.7%  61.9% 
≤ 20 mmHg2  ≥80%  100%  98.4%  98.4%  82.5%  76.2%  96.8% 
Range3 (mmHg)    76‐137  41‐83  53‐97  64‐124  36‐81  45‐96 
*Significant linear relationship (P<0.001) 346 
1. Direct – indirect method 347 
2. Percentage of indirectly obtained values within 5, 10 or 20 mmHg of the direct values  348 
3. Range of values obtained by direct arterial measurements 349 
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